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1. Abstract

The feeding ecology of Oldsquaws (Clangula hyemalis)
and White-winged Scoters (Melanitta deglandi) was studied

- on Kachemak Bay from November 1977 through April

1978. These species form the bulk of a large wintering
waterfowl population, Oldsquaws were extreme generalists,
eating at least 61 prey species. 'The most importint were the
Pacific sandlance (Anomodytes hexapterus), Stmpson’s surt

clam (Spisula polynyma), and blue mussel (Mytilus edulis).

Scoters were generalists on molluscs, mostly bivalves. They
ate at least 22 prey species; the most important were the
common Pacttic littleneck clam (Profothaca staminea), blue
mussel, and puppet margarite snail (Margarites pupitliy).
There was little overlap in kinds of prey between the two
ducks. and when it occurred the scoters ate significantly
larger prey. On the basis of birds observed and collected
and the known habitats of their prey spedies, both sea dacks
presumably foraged in witer iess than 20 m deep, Old-

~ squaws mostly over substrates of sand and mud. ind scoters

mostly over bottoms of shell debris and cobbles. "The base of
the food web in Kachemak Bay depends on the production
and availability of organic detritus, Litte is known about
ecological processes between production ol detritus and the
production and availability of the birdy’ filter- and deposit-
feeding prey. However, both ducks uppm't-utl}' Function s
first- to fourth-order carnivores, depending upon which
prey species they eat.

2. Résumé

De novembre 1977 2 avril 1978, nous avons étuldie
lécologie alimentaire des Canarcs kakawis (Clangubas hyema-
lis) et cle la Macreuse A ailes blanches (Melantta deglund)
dans la baie de Kachemak. Ces espeéces forment L majeure
partie de la vaste avitaune hivernante. Ees Canatds kakawis
ont un régime extrémement opportusiste, comprenant i
moins 61 espéces. Les plus importantes étaient ; e Langon
gourdeau (Ammodytes hexapterus)., i palourde de Stimpson
(Spisula polynyma) et Ja moule bleue (Mytilus edulis). 1es
maucreuses se nourrissent indifféremment de mollusques,
surtout de bivalves. Leur régime se composait d'au moins
especes, Les plus importantes étaient : le protothic du
Pacifique (Protothaca staminea), la mottle bleue et la margarite
pupille (Marganites r‘mpﬂht.s). Nous avons constaté trés peu de
concurrence pour les espéces consomtnees entre les deux
canards, mais, le cas échéant, les macreuses capturaient des
proies significativement plus grosses. Sion et juge par les
oiseaux observés et recueillis et les habitats connus de leurs
proies, ces deux canards de mer puiseraient leur nourriture
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ades profondeurs inféricures 2 20 m : les Canards kakawis,
cdans les eaux couvrant des substrats de sable et de boue, e
les macreuses. sur des fonds de débris de cogquillages et 22
cailloux roulés. Le réseau trophigue dans i baie de Kache-
miak repose sut la production et la disponibilité de detritus
organiques. Nous savons trés pen de choses sut les pro-
cessus ¢cologinues intervenant entre Faccurmulation de
détritus et ki production et fa disponibilité des proies se
noutrrissant par filtration ou de dépotse Nous savons cepen-
dant que ces deux canards aEissent apParcinment comme
carnivores de premier a quatricme ordre, tout dependant
de Fespece de proie guiils consomment. R

3. Introduction

kachemik Bav. near the mouth of Cook Tnjetin
southeentral Alaska (Fig. 1), has high bioloyical productiaty,
and important commercial fisheries and recreatie mal uses
CErasky ot af. 1977). Erikson (1977) conducted survevsof
nutrine birds on the bav in 19576 as paint of broad-hased |
ehvironmental studies of adipining Coo Inlet (Trasky ot al.
1977). He discovered that over 90 of the marine birdsan
lower Cook Inlet in winter were in Kachetak Bav and that
most of these-were watertos ], [LH. Crow (unpubl. data)
studiedd the foods of marine ducks shot by hunters in the
China Poot Bay area of Kachemak Bas dering September—
Novemnber 1977, and David Evikson (unipubl. datin) collected
seat ducks tor food studies in spring 1976 in the inner bas.
The feeding habits of wintering birds resmained essentally

unknown, however,

I order to 1] this gap. we studied the feeding
ecalogy ot the main species of marme-assoctated birds
winteritig on the bas. The gubinay vhjacinves neac o |
determine the kinds, amounts, and trophiclevels of prey
nsed by the nitin species of birds and to relate these findings
ter the physical and biological environment of the bav. A

secotidary objective was to make generil observations of the
distribution ;ind feeding behaviour of the birds, This paper
concerns the teeding ecology of the two main speaes of s
ducks, the Oldsquaw (Clangula hvemalis) and White-winged
Scoter (Melantta deglandny, Other species of waterfowl were
present, but none were consistentiy present m areas that
we coulld reach safely imour openskitt, |

4.  Description of study area
Kachemak Bav is a major geographic feature of the o
Kenai Peninsula and Cook tnlet in southcentral Alaska

(Fig. 1). Itis 38 km wide at its entrance and about 62 km
long. Homer Spit projects 7 km into the bay, dividing it ime

20



wor oy Dk de Ry b v, S T
!

EEPRIR LY ¥ TS T uilm

physicaxy and biologically distinct-“inner” and “outer” bays.
The north shore of the bay is unbroken by inlets, but the
south side has several islands, fiords, and shallow bays. The
 mean diurnal tide range is 4.7 m (L'rasky ef ol 1977).

In the inner bay, scattered boulders occur on exten-
sive mud flats immediately adjacent to shore and on the
sand and mud bottom just beyond (Fig. 1) (Lees and
Driskell 1981). Blue mussels (Mytilus edulis) and other biota
encrust the boulders, which thus constitute rocky micro-
habitats, Clays originating from glacial streams at the head
of the bav and from erosion of blutts extend from there to a
depthof 18m. | |

~In the northern outer bay, areas shallower than 9 m
are more subject to tdal currents than those in the inner
bov, and subsirates are markedly different. Boulders and
cobbles Iu'e:_!uminute In f_lt‘l}lllﬁ less than 18 m. From there
to the 37-m depth contour the substrate 1s shell debnis,
muddy sand, or rippled sand. Water depths away from
shore in both the inner and outer bays range mostly hrom
about 35 to Y m.

Most water in Kachemak Bay orviginates from coastal
upwelling just of fFsouthernmost Kenai Peninsula (Burbank
FO77. Trasky et al. 1977). Surface water flows into the south
stcde of the outer bay from Cook Inlet, and a net northwest
—current Hlows out of the bay along the north shore. Drogue

stircties suggest thar the same water can remain in the outer
iy for several davs betore moving out of it (W.1. Wen-
nekens, pers. commun,), Water entevs the inner bay trom
the outer bav at subsurlace depths and from streams at the
head of the hav. Circulation patterns directly influence the
transport of mineral sediments and organic detritus, and
sedimentation affects substrate tvpe and thus the nature of
benthie anmimal communities, Organic detritus is believed to
torm the hase of the Kachemak Bay ecosysten (Lees and
Drskell 1481,

[ee can butld up considerably in the shallow inner
bay hehind Homer Spit. During this study we encountered

Figure | |

KRachemak Ban . Aaska, iadicaang botom substrates (Driskell ane 1ees
PEOE SAT 1Y 0 areas where birds were coltected (Kev: 3G = houlders
and cobbles: S = shiell debris; MS = muddy sand: ME = mudilas)
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moderate amounts of pan and brash ice from December to
March in the inner bay between the spit and Fritz Creek
(Fig..1). Ice scouring of the bottom can adversely atfect the
benthos (Lees and Driskell 1981), thus directly influencing
the distribution of the birds’ prey. Air temperatures in
winter are generally below freezing; during this study they
ranged from — 13°C in December to 4°C in April. Surface
water temperatures generally ranged from 410 5°C.

5, Methods

5.1.  Field methods

We collected birds for stomach samples from a 5-m

open skiff during monthly field trips of 3-5 days duration
from November 1977 through April {978, We also re-

 corded general observattons of the birds' distribution and

hehaviour. We worked on the north side of the bay and
generally stayed on the lee side of Homer Spit during
adverse or threatening weather. Birds were collected only if
they were sitting on the water. We often saw Oldsquaws
actively diving (and presumably feeding) in the shallow
inuer bay before collecting them, but we never observed the
generally wary scoters do so. Immediately after collection we
injected the stomachs of specimens with 10% buttered
Formalin to arrest digestion (van Koersveld 1950). Speci-
mens were then frozen until laboratory processing.

We collected 28 Oldsquaws, including b each month
from November through February in the inner bay, 6 in
March in the outer buy, and 1 each in the inner and outer
bays in April. We collected 39 White-winged Scoters, as
follows: I in November and 2 in December in the inner bay,
and Hin January and 5 each in February, March, and April
m the outer bay. All birds were collected within a few
kilometres of the north shore of the bay at depths ranging
from about 2 to 20 m (mean lower<low water),

5.2.  Laboratory methods

In the laboratory we recorded body weight and sex
of the specimens and removed the esophagus, pro-
ventriculus, and gizzard intact, The stomach was cetré”t"ully
cut open, the contents drained of excess moisture, weighed
to the nearest 0.1 g, and the volume measured to the nearest
millilitre by water displicement. We then counted and
identified the prey items to the Jowest possible taxon, and
visually estimated their volume as 2 percent of the total, The
greatest length of whole specimens was measured to the

nearest millimetre. Al data were recorded on a standard-
1ized form. |

5.3, Methods of data analysis

| We used three basic parameters to describe prey
taxa in the stomach samples: aggregate percent volume
(¢f. Martin et al. 1946, Swanson ef al. 1974), aggregate
percent numbers, and percent frequency of occurrence.
We calculated these three parameters both for species anct
certain higher taxa, for individual months, and for samples
ggzzﬁﬂ;ﬁr:‘he entire stbudy. Details are reported in an
ative repott (S; : 2): '
e e 6;{; nd('?fmger and Jones 1982) and summa-
_ Ditferential digestion rates of hard- and soft-bodied
prey may distort their original relative volumes: percent
numbers can make an abundant smalt prey seem more

I “E‘m&mﬁ#— I.:u-'. [ *.-h-. - ..' |. PR ..":-" . Il-\.= '-:" ' Sl ,-:'.




tr
fe

il

1

F R . T oL P S 3 2 S

%

¥

important than a sparse larger one, and percent frequency
of occurrence ignores numbers and volume. Pinkas ef o/,
(1971) attempted to overcome these shortcomings by com-
bining the three values into an Index of Relative Im-
portance (IRI), which we use here, The IRI is defined as:

IRl = %FO (%V + %N), where

%FO = % frequency of occurrence of a prey taxon in a

sample of n birds.

%V = % aggregate volume of a prey taxon in the
combined volume of all taxa in the stomnachs of
the sample of n birds.

= % aigregme numbers of a prey taxon in the
combined numbers of all taxa in the stoimachs of
the sample of n birds. |

We characterized the feeding habitats of the birds by
comparing substrate types (Fig. 1) at their collection sites
with what is known about their feeding behaviour and the
habitats of their prey.

As far as possible, common and scientfic names ol
molluscs discussed below are from Abbott (1974), those of
shrimps are from Butler (1980), and those of fishes are
from Robins et al. (1980).

6. Oldsquaw feeding ecology in Kachemak Bay
6.1, _Die.t of Oldsquaws .

T'wenty-seven of 28 birds had identfiable previn
their stomachs: the remaining bivd contained only un-
identified remains. Oldsquaws ate several higher taxa of
prey. These induded | toraminiteran, ¢ polvchaetes.

14 gastropads, 12 bivalves, 17 erustaceans (induding 1 each
of a barnacle, mysid. cumacean, and isopod: and at leust

-8 gammarid amphipods, 3 shrimps, and 2 crabs). | edto-

proct, 3 echinoderms tincluding 2 brittle stars and 1 sea
urchin), and 2 fish. The most important higher vaxicand
their IRI values were bivalves, 3170 crustaceans, 1303 fish,
1168 gastropods, 52%; and polychaeres, 324,

With a minimum total of 61 prev species (Sanger
and Jones 1982), Oldsquaw s had an extremely diverse diet, |
A sink food web (Cohen 1978) iltustrates the relanve im-
portance of the 18 mostimportant species ol prey. bised on
their IR vatues (Fig. 21, Ondy those preyv with both an TRLof
at Jeast 10 and which constituted at least 195 of the volume

Care included. The dominating importance of Pacitic sand-

lance (Ammodstes hexaprerus) 1s readidy seen.

Figure 2
Faod web for 27 (}ltlmllliiwa wintering on Kichemak Bav. showing

primary kinds of prey and their respective G of tota prey solume. (Onl
prey with an IRT of 10 or move and which constituted at least 147 ol the
volume are included. Arrow sizes based on IRI value of prevas tollows:
spiall = 10-99; medium = 100--099: large = HRON--HH0)

pandalus ganiucia
HUMPY SHRIMP

Qenonota so
GASTROPQD
Grangon septemspingld
SAND SHRIMP

Onchidor:s brlamellata
NUDIBRANCH

- Mitrella tubero8i .
/VARIEGATED DOVE SHELL

Qnhiogholl§ aculeata ¢
BRITTLE STAR % @ GAMMARID
@ AMPMHIPODS
N | / Cal ( 55 |
. negl AUQGEDLTY S EPIFAUNA
EPIFAUNA Mxtils \ \ / ' HED ROCK CRAB
BLUE MUSSEL % T \q D/ > Hyas viatus
_ OLDSQUAW 1 & L CRAB
“““““““““““““““ N=27 | _ -
A‘V —— . & 3_& Nuuig tenurs
Macoma sp- SMOOTH NUT CLAM
CLAM o |
INFAUNA -
Nyculang losse _
Protothaca stuminea INF ALINA

COMMON PACIFIC LITTLENECK CLAM

Glycymeris aubghecietn |
WEST COASBT BITTERSWEET CLAM

Ammaodytes heaaplervs
PACIFIC SANDLANCE

FOSSA NUT CLAM

Snisyig Rolynyma
© STIMPSON'S SURF 'CLAM

Paclingris sp-
POLYCHAETE WORM



The most important taxa overall and their IRI values
were Pacitic sandlance, 1059; Stimpson's surt clam (Sprsula
polynyma), 935 blue mussel. 892; smooth nut ciam (Nucula
tenuis). 215; west coast bittersweet (clam) (Glyoymens sub-
obsoleta). 195 fossa nut clam (Ntu*ulanu.;‘ﬂ.m), 106: and the
turrid gastropod Oenopota sp.. 114, Except for 52!!1("&}!1{3(.3, .
~and perhaps the Stimpson's surf clarm and blue mussel. 1L 18

difticult to say it these species were truly more mportant.
than many of the others. The species composition in the diet
was radically different from month to month, and some
higher taxa like gammarid amphipods (383) were col-
lectively more important than most species of bivalves, |
[nfauna made up 40% of the total volume of the prey, and
it is assumed that Oldsquaws captured sandlance when they
were buried in the sand (Meyer et al. 1979),

6.1.1. Monthly changes i prey importance — Small SEIEIII)lt‘
sizes limir statistical evaluation of monthly changes n the
importance of various prey, but general tl‘t'nd.:s were In-
dicated. Fish, mostly sandlance, were present in the Old-
| IﬁllllEiWH* diet cach month except February and April. Crusta-
ceans were moderately important throughout the study, but
no one species nor higher taxon was consistently important.
Other prev taxa fluctuated in their importance i o
apparent pattern. A shrimp (Sfnrontocarts spina), mysids, Ell.l{l
echinoderms (hrittle stars and sea urchins) occurred only in
the diet of birds coflectea in the outer bay during March.
- Bivalves and other prey displayed no monthly trends.

6.1.9. Prevsize — Lengths of 34 prey species of Oldsquaws
“(Sanger and Jones 1982) ranged from T-mm variegated
lacunas (periwinkle) (Lacuna variegata), Macoma sp. clams,
anel blue mussels, 1o sandlance of 115 nun; 95% of the

prev were less than 1O mm, and only 29% were over 19 mm.

The mean length of 1079 measurable prey was 6.8 mm.
(st = 0.33) Most of the measurable prey were gastropods
(N = Shyand bivalves (N = 928), |

Most bivalves were less than 6 mm, but data tor
Muacoma sp. and blue mussels suggest the presence ot at least
4 few older anmals, Abbott (1974) noted 76 mm as the
maximum length attained by blue mussels, so those of less
than 10 mm were clearly subadults. Stimpson's surt clans,
88% of thei 2—1 mum, were all age class "0” (Feder and Paul
1481). |

6.2.  Feeding habitats and feeding hehaviour

The kinds of bottom substrates over which the birds
were collecied and the species and habits of their prey
suggest that the Oldsquaws taken had fed benthically on
both infauna and epibenthos. We observed birds mainly in
the northern inner bay over mud-sand substrates, but we
occasionally saw them in the outer bay over shell debris and |
cobble habitats. o |

We often saw Oldsquaws actively diving (and pre-
sumably feeding) within pan and brash ice in the inner bay

behind Homer Spit. The ice probably protected the birds by -

shielding them from the wind and by damping the waves.
With the exception ot sandlance and various species
of shrimp, the Oldsquaws’ prey were sessile or weakly
mabile. The birds possibly captured sandlance that were
buried in the sand (Meyer et al. 1979), although they are
known to eat free-swimniing fishes (e.g. Peterson and
~ Ellarson 1977). The preponderance of sessile animals in
~ their diets may indicate a limited adaptation for capturing
quickly moving fauna, however.

23

lues on the weight of food in stomachs as com-
pared t:flilh the net weigh% of individual birds imply that
Oldsquaws did not eat large amounts of food at any one
ime. These values ranged from a low of 0.2% in Nofember
and February to a high of 3.0% for a bird in March (20 g of
food in a 674-g bird). Average monthly values were very
low, ranging from 0.45% (s¢. = 0.15) in April, to 1{.6%
(st = 0.32) in March. The overall average for the i&
specimens was 1.0% (s = 0.19). Sixteen birds (37%) had
values less than 1.0%, but only four (14%) had values

greater than 1.5%.

7. White-winged Scoter feeding ecology in Kachemak
Bay

7.1, Diet of White-winged Scoters

The stomach of one specimen in February was
empty, but the remaining 38 birds (97%) had food in thetr
stomachs (there are no prey volume data for one specimen).
Two other specimens collected in February 1977 as part of
another project on the south side or ihe outer bay both
contained foed. Overall IRT values show that the most
important major prey taxa by far were bivalves (6112) and
gastropods (15 10). Polychaete worms and crustaceans
(16 each), and echinoderms (6) were of minor importance.
White-winged Scoters had a fairly diverse diet, eating &
minimum of 22 species of prey (Sanger and Jones 1982).

A sink food web of the seven main prey species
(Fig. 3) illustrates the importance of blue mussels (IRI 1158)
and the common Pacific littleneck (clam) (Profothaca sta-
minea) (IR1 1996). These species made up 31 and 32%,
respectively, of the aggregate prey voluime; this contrasts to
their low importance to Oldsquaws. A gastropod, the pup-
pet margarite (Margarites puptllus) (IRT151), was relatively
important compared with the remaining prey, none of
which had an IRI value higher than 60. Volumes of the
main epifaunal and infaunal prey were about equal in the
scoters’ diet (Fig. 3).

7.1.1. Monthly changes in prey importance — Monthly sample

sizes were small, but some dietary changes in birds collected

were apparent. Bivalves, in particular, and gastropods were
consistently important in the scoters' diet. Other major taxa
were of minor importance and occurred sporadically, The
blue mussel was the only prey in three birds collected in the
inner bay in November and Decetnber. The common

Jacific hittleneck clam was consistently important to scoters
collected in the outer bay from January through April, but
other prey taxa were sporadic in the scoters’ diet.

The two birds collected on the south side of the outer
bay in February 1977 had eaten mostly the clam Astarte
rollandi and the west coast bittersweet. Differences in prey
spectes compared with the north side of the bay may have

 reflected differences in prey availability rather than prey

selection,

7.1.2. Preysize — Lengths of 14 prey species of scoters
(Sanger and Jones 1982) ranged froin common northern
admetes (gastropod) (Admete couthouy) of 4 mm to a Nephtys
polychaete worm of 105 mm. Lengths of 103 measurable
prey pooled from all stomachs averaged 13.6 mm

(sE = 1.42). Some 90% of the prey were less than 20 mm,

bui. the occasional presence of bivalves and gastropods over
40 mm shows that scoters sometimes ate larger prey.
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79  Feeding habitats and feeding behaviour

"The kinds of bottom substrates over which the birds
were collected and the species and habity of their prey
suggest that the birds taken fed exclusively in benthic
habitats, usually in areas with shell debris and boulder~
cobble substrates, but octasionally in sand and mud. White-
winged Scoters occurred relatively infrequently in the inner
bay over sand-mud substrates (Erikson 1977 and this
stucly), and the three we collected there contained only blue
mussels, Thus, the scoters may have captured prey such as
Macoma clams and arctic naticas (gastropod) (Natiea clasa).
animals typical of sand and mud (Keen and Coan 1974, in
pockets of such substrates amid the shell debris and cobbles
in the outer bay (Dennis Lees, pers. commun.).

The fairlv wide range in prey sizes indicates that,
although scoters are abie to selectively eat maotluscs as large
as 70 mm, they probably sieve through the substrite to
locate smaller prey; about half their prey were infauna. 1t is
unlikely that much light reaches the scoters” feeding habi-
tats, which suggests that the birds locate their food by
probing the substrate with their bill und tongue, which are
richly supplied with tactile nerve endings (Welty 1962:90),

- The weights of food in stomachs as compared with
weights of individual birds suggest that. like the Oldsquaws,
White-winged Scoters ate only stnall astiouns of food at any
one tume. These values ranged from zero (empty stentch)
in February 1978 to i high of .09 for one bird each in
February and March. The lstter bird, weighing 1911 g,
had 78 g of tood inits stomiech, the maximum observed
Average values trom November dwough Aprl ranged from
2% 10 2.6% . and the overall mean for the 39 bivds was 2,277
(sE = 16 Only five Bavds (13900 had vidues bess thae 10
this, constdered with the tact that onlv one bird hadan
cmpty stomach. suggests that the birds were consistentiv
able to tind food. | o

8. COmiJarimns between diets of Oldsquaws and
- White-winged Scoters |

The Oldsguasws and White-winged Scoters we col-
lected ate substantially difteren h]lt'{i{f‘i of ey (ef bags. 2
and 3). We encountered Oldsquaws primarihyv in the mner
by over substrates of sand and mud, and miost ot the
White-winged Scoters we saw were i the onder i ove
substrates of cobbles and shell debnis,

Figure 3

Food web for 37 White-winged Scoters wintering on Kachiemak Bay,
showing primary prey species and their respective 7o of ot prev volutoe
(Only prey with an IR of 10 or more and which conairuted arleast 17 ol
the volume are incduded, Ayrow sizes based an IR value of pres.as
follows: small = 10-89; medivm = 100994 brge = 1OOG-09404)
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4
Hypothesized trophic relationships and environmental processes in the

ecosystem of waterfowl] wintering o Kachemak Bay. (Representative prey
spevies indicated where possible, and large and small arrows show
respective major and unor energy pathways)

OLDSQUAWS
and
WHITE-WINGED SCOTERS

MACROBENTHIC CARNIVORES

Natica clausa {snail)
M

/ ~ PELAGIC/DEMERBAL

FILTER-FEEDERS

MACROBENTHIC DEPOSIT-
AND FILTER-FEEDERS

Protothaca staminea (clam) Pandaius goeniuris
_ {shrimp)
MEIOFAUNA
(0.1-1 mrm)
Copepods
Rotifors
Nematodes

MICROFAUNA
(<0.1 mm)

- Ciliaters
Zoofiagellates

POOL OF MICROBIALLY-ENRIGHED ORGANIC DETRITUS |

Z A

| Microbial action : coating Of bacteria and their metabolic by-products
‘Prevalling ocean currents carry detritug into and retain it within Kachemak Bay

T

| TERRCSTRIAL DETRITUS KELP DETRITUS £ |
| CAL P

~Fluvial sources P — |
-Peat sloughing ollated/precipitated
l water-soluble fractions

l Seasonal die~off and abrasion from storms LZOEJPLANKTON GRAZING

n

PHYTOPLANKTON FRODUCTION
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E Both sea ducks ate blue mussels and common Pacitic
4 fitleneck clams. Although these species were major prey of
3 scotets, ther were of only minor importance to Oldsquaws.
% Moreover, engths of these prey were markedly difterent
¥ for the two birds. Blue mussels (n = 432) from the

1 Oldsquaws were all less than 10 mm, whereas the three
 fyom the scoters were 50~69 mm. Similarly, the 19 common
# liuleneck clams from the Oldsquaws were less than 10 mm,

Natica clausa snails, that eat clams, that eat meiofauna, that
eat microfauna. that eat detritus, the scoters are fourth-
order carnivores. * |
| With these points in mind, the possible environimen-

tal processes and trophic relationships in the ecosysiem ol
birds wintering in Kachemak Bay (Fig. 4) may be sumnt-
rized as follows: | | |

1. Stocks of kelp in Kachentk Bay and mound the

* whereas the 4 from the scoters ranged from 10 to 49 mum.
* Pifferences in average lengths ot all prey (¢f. sections 6.1.2.
- and 7.1.2,) were highly significant between the two species
- (99% level, as measured by a t-test of the ditferences

4 hetween two means).
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9. Trophiclevels Ween primary groduction and

seaducks

‘The classical view of primary production i the sea

- emphasizes the role of phytoplankton in the water column
~ (e.g. Sieburth and Jensen 1970, Strickland 1970, Steele

1974). Larrance and Chester (in press) believe that the
production of fecal pellets from zooplankton grazing on

- phytoplankton iy the main source of orgasic detritus redch-

~ ing the floor of outer Kachetnak Bay in spring and sumiuey.
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However, recent work elsewhere (e enore 1977, Mills
1975, Sieburth and Jensen 1970, Strickland 1970 has
shown that organic detritus from other sources tay abso
play a major role in driving coastal marine ccosystems. fees
and Driskell (1981) contend that abrasion of laminarin and
fucoid kelps around the southern end of the Kenai Penin-
k1 and in Kachemak Bay provides the major souree ot
detritus. Water soluble organic fractions trom kelp tmay also
contribute to detritus (Lees ane Driskell 1981, Sieburth
1968, Sieburth and Jensen 1970). Other sources of organic
detritus in the bay ire of terrestrial ongin from streamns,
from salt marshes bordering the bay (J. H. Grow, unpubl,
data), and from peat and coal stoughing directly into the bay
along the north shore (M.P. Wetnnekens, pers, cominui.).

Most prey of Oldsquaws and White-winged Scoters
are deposit or filter feeders (Lees and Driskell 1981, Feder
and Paul 198 1), and, as such, they use organic detritus and
its bacterial coating and associated mricrotaunil (Penore
1977) for food. Thus, the birds' tood supply is closely linked
to the existence and production of organic detritus,
Although the relative importance in the ccosystem ol
Kachemak Bay of phytoplankton productivity and OFganIe
detritus from its various sources is unclear, lower trophic
levels of the food web could be similar o detrital food chans
in other coastal marine ecosystems (Tenore 1977) 1e.
organic detritus — microbenthos aninds <O.1 mm) —
meiobenthos (animals 0.1~1.0 mm) — macrobenthos
(animals > 1 mm) — fish.

in Kachemak Bay, starfish are apex predators along
with fish and birds (Lees and Driskell 198 1). However, the
exact trophic level(s) at which apex predators feed 1s un-
known because the nature of the microbenthos and
meiobenthos are virtually unknown (Robert Griffiths, pers.
commun.). The filter- and deposit-feeding prey of the birds
could feed on any of these animals, and also directly ingest
the bacterially-enriched detritus. Thus, depending on which
of these links are present in the food web of Kachemak Bay,
Oldsquaws and scoters function as first- to fourth-order
carnivores. For example, when Oldsquaws eat humpy
shrimp (Pandalus goniuris) that eat detritus, the Oldsquaws
are first-order carnivores. When White-winged Scoters eat

southern end of the Kenai Peninsula grow intensivelyin
spring and summer, when p!wtnpiunktmr in the arcialso
blooms intensively. | -

9. Fecal pellets from zooplankion and the abrasion
and seasonal die-ott of kelp both produce organie detritus,

4. Currents carry the kelp detrtas brom the southeru
end ol the Kenai Peninsuliainto Katcherak Bas.

4 Bacteria colonize the detritus at some point.

5 The microbialhv-enriched detritus sapportsa ri h
community of deposit- and lter-feeding demersatand
benthic fauni, probably by means ol ane ortwo troph

Tinks (mmicro- and metohiuea)

h. The deposit- and tihrer-teeding anumals, wy tarn,
support marine birds andd other apex predidors. |

10, General discussion

Oldsquaws and scoters were collected i water depths
between 32 anel 20m. We do not K TIOW P i‘nl'h the (]"l“hﬁ |
qt which the bivds fed, but it e dikety thiat Whine-winged
Scoters eollected in the outer bas fed mostlv at dueptins |
shallower than those studied by Feder and Paatcissh o
(et 29 m and by Driskelland {ees (1UTT e 12- biroy,
and deeper than the ntertidal ares studied by Lees and -
Driskell 1 198 1), Feediny depths of Ofdsquaws colled ted
the inner bay kel overliapped the 1.5- HS-m depths
curveved by Lees and Driskel] (148 . ST

The presence of hiue mussels; i nterticdal speaes,
it both Oldsquiass aned White-winged Seoters inclicates that
both ducks ted at least part of the tmeover et idal areas
at high tide, whereas the Ahsence of the hovse ssel
(Modofus modiolus) an exclusively subtidad spre s, rom
their diets suggests that thes fiay not Have foraged over
o ky areas whien they ted suhtiditlly. Horse mnssels are
Abundant in the vater hay oti Homer Spit. and ot HTH
Point (Lees and Driskell 1S, whetre we colleced many ot
the scoters, Mussels trom Blult Point, howevet, range 1N
length from 75 to 130 m (Dviskell and Lees 1477), which
may have been too large tor the scoters -'

0 Oldsguaws nd White-winged Scoters trom RIS
itk Bay ate the same generil taxa ol pres reported from
other areas (¢.g. vevmeder and Bourne. this voluine, Stold |
and Olson 1973, Nilsson 1972, Madsen 145 1, Cottam 193),
both species eat imosth bivalves, gastropods, and ¢ st |
ceans. However, knowledge of the availabdity of the birds
prey speoies relative to the availability of other px tentil
prey in Kachenuk Bay is sketchy There is sote sintlanity
hetween the Oldsquaws’ dietand henthic e, reported
from sursevs in the inner bay (Lees and Driskell JO8 1),
Animals present in the HOBDQUANRTIGTIVE MITVEYS that were
also present In the Oldsquiaws’ diet included tarnd gastros

- pods (Qenopola sp.). blue miussels, Nucidiuna aud Macoma

ams, and sandlance. Dominant benithic spedes on rocky
substrates between 4 and 1o m during SCUBA diving
surveys along the north shorve of the cuter bay (Lees

+nd Driskell 1981) included the horse msssel, matting
polychaete Potamilla, butter clam Saxulomus sp., green s
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urchin.(Strongylocentrotus droebachiensis), and common.
northwest neptune (gastropod) (Neptunea lyrata). Of these,
only the neptune was moderately important to White-
winged Scoters, and the green sea urchin was of minor
importance; the others were absent from the scoters diet,

" The general contrast between the birds’ diets and the
fauna identified from benthic surveys suggests that there
may be differences between the kinds of animals present in
the birds' feeding habitats and the areas surveyed. Itis al?n
possible that the surveys missed componeits of the hirds
diets, and that the birds sclected prey in ditferent pro-
portions to their occurrence in nature. In view of the size
range of horse mussels off of Homer Spit (15-130 mm,
Lees and Driskell 1981), the absence of smaller individuals

in the diet of the scoters is puzzling. |
Amounts of food in the birds ranged up to 3-4% of
their net body weight; similar data on other waterfowl
appear to be lacking. Despite this seeming paucity of food,
however, bodv weights reflected a healthy condition of
the birds (Sanger and Jones 1982). Also, rapid digestion
rates (van Koersveld 1950) and frequent small feedings are
indicated. | ,
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